Restriction maps and sequence homologies of two densovirus genomes
The genomes of Junonia coenia densonucleosis virus (JcDNV) and Galleria mellonella densonucleosis virus (GmDNV) were analysed by restriction endonuclease analysis and Southern blot hybridization. A total of 37 and 33 restriction sites were mapped on JcDNV and GmDNV DNA, respectively. BglI, HaelI and BstEII were site-specific for JcDNV DNA, and BgllI and ClaI for GmDNV DNA. The two genomes had nearly identical maps for several restriction endonucleases and Southern blot hybridization using a total genomic JcDNV probe indicated extensive DNA sequence homologies spanning the entire length of the two genomes. Symmetrical cleavage sites, mapping at the extremities of both genomes, confirmed the presence of inverted terminal repeats of at least 420 to 440 bases in length.
Densonucleosis viruses (DNVs) are small icosahedral viruses isolated from several species of insects, mainly Lepidoptera, where they produce highly contagious lethal diseases (Meynadier et al., 1964; Kawase, 1985) . Classified within the family Parvoviridae (Matthews, 1982; Siegl et al., 1985) , they form the unique densovirus group which is characterized by autonomous virus replication and separate encapsidation of complementary linear ssDNA at equal frequency, a feature shared with the members of the dependovirus group and some members of the autonomous parvovirus group (Bates et al., 1984; Siegl et al., 1985) . As a consequence of the latter property, the plus and minus strands base pair during DNA extraction in high salt buffer conditions to form a dsDNA molecule approximately 6 kb in size (Truffaut et al., 1967; Barwise & Walker, 1970; Kelly et al., 1977) .
In comparison to the body of data available on the structure, organization and replication of the genomes of vertebrate parvoviruses (for reviews see Berns, 1984; Berns & Bohenzky, 1987; Berns & Labow, 1987) , our knowledge of densoviruses is still limited. The presence at both termini of several densovirus genomes of an inverted repeat sequence has been postulated from electron microscope observations of panhandle structures or concatemers (Kelly & Bud, 1978; Nakagaki & Kawase, 1980; Chao et al., 1985) , and recently proved by sequencing the ends of the Galleria mellonella DNV (Tijssen, 1986) . A restriction map of the genome of the Ina isolate of Bombyx mori DNV (BmDNV1) has been published and about 85% of the molecule, spanning the internal region, has been cloned and sequenced (Bando et al., 1987a, b) . On one strand, two large open reading frames (ORFs) were identified and a minor ORF was identified on the complementary strand. The organization of the genome and gene expression of other densovirus isolates is unknown. As a preliminary approach to further characterizing the genome of other members of this group of invertebrate viruses, we report a comparative study of the restriction profiles of the dsDNA genome of two closely related densoviruses, the GmDNV and the Junonia coenia DNV (JcDNV) (Meynadier et al., 1964; Rivers & Longworth, 1972) . These two viruses are known to be almost serologically indistinguishable and reassociation kinetics revealed DNA sequence homology of about 87% (Kelly et al., 1977) .
JcDNV and GmDNV were propagated in Spodoptera littoralis and in G. mellonella third instar larvae, respectively. The virus particles were purified from infected larvae as previously described (Truffaut et al., 1967) . DNAs were phenol-extracted from purified virus suspensions that had been incubated in extraction buffer (I0 mM Tris-HC1 pH 8-0, 4 mM-EDTA, 100 mM-NaC1) containing 2 % sodium lauroyl sarcosinate and 200 ~tg/ml proteinase K at 37 ° C for 2 h. DNAs were extensively dialysed against TE buffer (10 mM-Tris-HC1 pH 8.0, 1 mM-EDTA), or ethanol-precipitated overnight at -20°C. DNA precipitates were resuspended in TE buffer and the purity and concentration of each DNA sample were measured by u.v. spectrophotometry. Viral DNA samples (0.6 to 1.2 ~g) were treated with a range of restriction endonucleases, under conditions specified by the suppliers, and the digests were analysed by electrophoresis, on either horizontal agarose mini-gels of appropriate concentrations (0.9 to 2%), vertical 7.5% polyacrylamide or 5 to 10 % gradient polyacrylamide slab gels, in 80 mM-Tris-HC1, 2 mM-EDTA, adjusted to pH 8.0 with phosphoric acid. The sizes of restriction fragments were determined by linear regression analysis, using single BstEII or double EcoRI-HindlII digestion fragments of bacteriophage lambda DNA or HinfI digestion fragments of pBR322 DNA as standards.
The undigested duplex forms of JcDNV and GmDNV DNAs migrated to the same distance in polyacrylamide or agarose gels (Fig. 2a) . Their average size was estimated to be 5850 + 100 bp, a value corresponding to twice the Mr of the viral genome (Barwise & Walker, 1970) .
Of the 25 restriction endonucleases used, 14 cleaved the JcDNV DNA and 13 the GmDNV DNA one or more times (Tables 1 and 2 ). Digestion of both genomes with AluI generated few clearly distinguishable fragments above 0-5 kb and more than 10 smaller fragments which were hardly discernible from one another. JcDNV and GmDNV DNAs had no restriction sites for ApaI, KpnI, NaeI, Nod, PstI, PvuI, Sail, SmaI and XhoI, whereas BgilI and ClaI cleaved only GmDNV DNA and BglI, BstEII and HaeII sites were specific for the JcDNV genome.
The average size of the viral genomes, calculated by summing the sizes of the fragments generated by each enzyme, was very close to the value of 5.85 kb determined by electrophoresis of undigested DNAs (less than 1.8% deviation in both cases). Therefore, the sizes of the individual fragments were adjusted according to this value (Tables 1 and 2 ). The conditions used to visualize the digested DNA did not allow us to detect fragments below 80 bp and therefore the possibility that the 25 restriction endonucleases generated fragments smaller than this cannot be ruled out.
Complete mapping of the restriction sites on both genomes was performed using classical techniques of total or partial digestion with each of the different enzymes or simultaneous digestion with pairs of restrictions enzymes.
The unique Bgil restriction site of JcDNV DNA served as the starting point for the ordering of fragments on the viral genome. It was arbitrarily decided that the large (A) fragment represented the left side of the molecule, the small (B) fragment corresponding to the The electrophoretic pattern of (a), lanes 8 to 12, was transferred onto a nylon membrane and hybridized under stringent conditions (50~ formamide, 42 °C) to biotin-7-dATP-labelled nick-translated total genomic JcDNV DNA. After hybridization, the blot was washed and bands were revealed as indicated by the supplier (BRL); lanes 1 and 2, BamHI digest; lanes 3 and 4, HhaI digest of JcDNV and GmDNV genomes, respectively; lane 5, EcoRI-HindllI lambda digest.
right side (Table 1 , Fig. 1 a) . The recognition sites of the other enzymes were positioned relative to this orientation. Owing to the apparent identity of the HhaI restriction patterns of the two genomes, fragments of GmDNV DNA and JcDNV D N A generated by this enzyme were ordered identically. The positioning of the other restriction sites on GmDNV D N A was relative to this ordering. Thus, a total of 50 restriction fragments were ordered and 37 restriction sites mapped on the JcDNV genome (Fig. 1 a) . Similarly, the restriction map of the GmDNV genome was derived from the ordering of 44 restriction fragments and positioning of 33 restriction sites (Fig. 1 b) . TaqI restriction sites were not mapped on the latter genome.
As an example, shown in Fig. 2 (a) , BamHI and HhaI generated identical D N A digestion profiles whereas with other enzymes such as EcoRI and HindlII, the similarities were limited to only some fragments (EcoRI-B and -D and HindlII-B fragments of JcDNV, and EcoRI-B and -C and HindlII-B fragments of GmDNV genomes, respectively). These results strongly suggested that both genomes shared common sequences. To ascertain this, EcoRI, HindlII, BamHI and HhaI restriction fragments of both genomes were electrophoresed on 1~ agarose gels, transferred onto nylon membranes (Hybond-N filters, Amersham) and then hybridized with a total genomic JcDNV probe which was labelled with biotin-7-dATP (BRL) by nick translation according to the supplier. As illustrated for BamHI and HhaI digests (Fig. 2b) , this probe hybridized strongly not only to homologous viral D N A but also to each of the restriction fragments of GmDNV DNA.
Several endonucleases generated two small fragments of very similar size which mapped at both ends of the JcDNV genome. This was the case for the BamHI and BstEII-B and -C fragments and HaelII, Hhali, HpaI and TaqI-D and -E fragments (Table 1 and Fig. 1 a) . The same type of cleavage was observed in the GmDNV genome, where BamHI-B and -C and HaelII and HhaI-D and -E restriction fragments were mapped symmetrically at both extremities of the molecule (Table 2 and Fig. 1 b) . However, BstEII had no cleavage site, HpalI did not show symmetry and TaqI restriction fragments have not been positioned on this genome. The very small size difference between each of the two members of a fragment pair rendered their positioning difficult and permutations may have affected our mapping. The presence of symmetrical cleavage sites at both termini of the molecule clearly suggests the occurrence of inverted terminal repeats in both genomes. As suggested by the sizes of the TaqI-D and -E and HaelII-D and -E terminal fragments of JcDNV and GmDNV genomes, respectively, values of at least 420 to 440 bp can be predicted for these palindromic sequences.
Our comparative study clearly demonstrated that JcDNV and GmDNV genomes have several properties in common, including the same size, similar terminal structure and extensive sequence homologies. Confirming earlier reports (Kelly & Bud, 1978; Kelly et al., 1977) , our results also provide further information concerning the location of homologous sequences which extend over the entire length of both genomes, including their extremities (HhaI-D and -E fragments), and the size of the inverted terminal repeats. Values ranging from 60 to 380 bp were estimated by Kelly & Bud (1978) from measurements of panhandle structures observed by electron microscopy in circularized ssDNA molecules of both genomes. Tijssen (1986) reported a size of 0-35 kb for the sequenced terminal repeats of GmDNV DNA. Our results suggest that the palindromic sequences could be as large as 420 to 440 bp, i.e. approximately 7~ of the length of each genome. A similar value was reported for the terminal sequences of the 6 kb Pseudoplusia includens DNV (PiDNV) genome (Chao et al., 1985) . In contrast, no clear evidence for inverted terminal repeats has been provided so far for the BmDNV1 and Acheta domestica DNV genomes (Bando et al., 1987a; F. X. Jousset & M. Bergoin, unpublished data) . Interestingly, with sizes of 4.9 and 5.2 kb, respectively, these two genomes are significantly smaller than those of GmDNV, J c D N V and PiDNV (Bando et al., 1987a; Jousset et al., 1986) . Thus, two groups of DNVs may exist with respect to their DNA extremities: those with long and those with smaller or possibly no inverted terminal repeats. In view of the essential role of the terminal sequences in different steps of the replicative cycle of vertebrate parvoviruses (Berns & Labow, 1987) , it would be of interest to determine the functional significance of these sequences in the genomes of invertebrate parvoviruses.
The restriction maps of JcDNV and GmDNV DNAs derived from our study will greatly facilitate the cloning and sequencing of these two genomes, which in turn will provide further information on their organization.
